ABSTRACT
Introduction
Avulsion is considered as the most important and serious dental injury with an incidence rate of up to 16%.
[1] The best treatment protocol is the immediate replantation of the involved tooth at the accident site however; this may not be possible to occur. In case of inability to quick repositioning, the best way to ensure a high success rate is to keep the tooth in a proper storage medium during transportation and before initiation of replantation procedure. [2] An ideal storage medium for an avulsed tooth should have a proper pH and osmolality and be able to maintain the pulp and periodontal ligament (PDL) cells viable in an uncontaminated, physiologic condition. In addition, it should have an accessibility and low cost.
[3] Based on the literature, a wide variety of storage media have been evaluated in vitro and in vivo including water, saliva, sterile saline, culture media, milk, Hank's Balanced Salt Solution (HBSS), propolis, viaspan, coconut water, egg white, soymilk and green tea. [1, [3] [4] [5] [6] [7] Among the different media tested, HBSS and milk are usually considered as standard media. [1, [4] [5] In 1994, the American Association of Endodontists considered HBSS as storage medium of choice for the avulsed teeth. [8] However, this medium is not usually available at the accident sites and the environmental temperature can alter its physical properties. [9] [10] As the second acceptable medium for storage of the avulsed teeth, milk is able to preserve the viability of PDL cells with a success rate of 70-90%. However, some studies have questioned the supremacy of milk compared to the other media with similar availability. [1, [11] [12] Therefore, studies are continually attempting to investigate and find other alternatives.
Castor oil is a colorless to very-pale-yellow liquid with a distinct taste, obtained from the seeds of castor oil plant (Ricinus communis). [13] Castor oil as a vegetable oil has several advantages such as antimicrobial and antioxidant properties, low toxicity, and glutathione preservation capability, low cost, and high availability. [14] [15] [16] [17] It also has the capacity to repair bone defects.
[18] Furthermore, this substance has been previously suggested as a suitable medium for storage of rat lenses.
[17] Hence, these properties may make this substance a suitable storage medium for the avulsed teeth. Therefore, this study was designed to investigate the potency of castor oil as a new storage medium in preserving the PDL cells viability compared to HBSS and milk. The null hypothesis tested was there is no difference in capability of HBSS, milk and castor oil to maintain the viability of PDL cells.
Materials and Method
The Ethics Committee of Shiraz University of Medical Sciences (Grant no. 8794124) approved this study. Forty human single-rooted teeth with closed apices and without any caries or periodontal diseases were selected. These teeth were extracted for orthodontic purposes from the patients with average age of 22.5 years. Extractions were performed atraumatically and the teeth were washed immediately with sterile saline. The extracted teeth were held with forceps at the coronal region, and the coronal 3 mm of PDL was scraped with a surgical scalpel in an aseptic condition to remove damaged cells.
The teeth were then randomly divided into 3 experimental groups (n=10) and two control groups (n=5).
In the group 1, castor oil (Sigma, USA), in the group 2, HBSS (Biosera-xc-s 2065, Biosera Ltd, Ringmer, East group Sussex, UK) and in the group 3, Milk with 2.5% fat were used as storage media. The teeth in experimental groups were dried for 30 min followed by a 45-min immersion in one of the above-mentioned solution at room temperature. Teeth in positive and negative control groups were exposed to 0 min and 2 h of dry time respectively with no immersion in any storage medium.
After transferring samples to the laboratory, they were washed two times with phosphate buffer serum, which contained 2% antibiotic (Pen/St, Fun 0.5%, Gen 0.5%, Gibco, USA).
After that, each tooth was incubated for 30 min at Table 1 . in milk probably provide these favorable results. [23] [24] [25] [26] [27] [28] In this study, we used the primary cell culture method suggested by Doyle et al. [20] In this method, In a recent investigation by Holm et al., [17] the efficiency of castor oil as a medium for transplantation of rat lens was evaluated and revealed that castor oil is a promising storing solution due to its glutathione preservation capability and antioxidant properties. Given that the content of glutathione inside the cells helps to preserve proteins and prevents damage to the cellular membrane, [32] [33] other storage media for avulsed teeth such as viaspan also contains glutathione. [34] Therefore, it is likely that the presence of this element in chemical constituent of these media might improve their potency to preserve cell vitality and protection against oxygen radicals. It is notable that Martinez et al. [35] who used mineral oils for preserving the water and osmolality of ovule previously suggested the use of oil as a maturation medium.
In the present study, HBSS was considered as a standard solution however, Marino et al. [36] and Thomas et al. [37] demonstrated that the milk has better results in maintaining the viability of PDL cells over HBSS. We also observed that milk could be able to preserve more viability for PDL cells than HBSS; however, this difference was not significant.
In our study, milk with low fat was used because it was more proper for maintaining the viability of PDL cells [38] and probably more available in the accident sites than other storage media. Furthermore, it has also compatible physiologic pH and osmolality. [21] [22] It is notable that the storage of PDL cells in solutions with improper osmolality may cause damage due to alteration in the fluid content of the cells. [39] One limitation for this study, which is in common in all cell coloration methods, is that trypan blue can only illustrate the viability of the cells not their exact healthy condition. Therefore, further in vivo investigations should be performed to validate the results of this study.
The null hypothesis of this study was rejected and 
Conclusion
Under the experimental condition of this study, the ability of castor oil to maintain the viability of PDL cells was lower than milk and HBSS. More investigations under in vivo conditions should be performed to confirm the results of this study.
